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Brazil has been affected by outbreaks caused by 
viruses of the genus Flavivirus, such as dengue 

(DENV), Zika, and yellow fever viruses, along with co-
infections with other arboviruses (1). The amino acid 
sequences of polyproteins from viruses of this genus 
are very similar, which has limited the development 
of detection methods, often resulting in cross-reactions 
within serocomplexes during serologic testing (2). 
Therefore, tracking in areas where mosquito-specific 
flaviviruses co-circulate may have led to underesti-
mated infections because of the detection and the hier-
archy of disease based on medical importance. 

Rocio virus (ROCV) is a potentially emerging 
neurotropic flavivirus in Brazil; however, because 
relatively little is known about the biology of this vi-
rus, technologies for its detection are limited (3–5). In 
1975, ROCV was found to be related to the causative 
agent of a fatal outbreak of human encephalitis in 
Brazil; the case-fatality rate was 13%, and neurologic 
sequelae affected 20% of patients (5). The unexpected 
outbreak ended in 1980, but little documentation ex-
ists with regard to circulation of ROCV in Brazil.

To determine the extent of ROCV circulation in 
different areas of Brazil, we screened 647 serum sam-
ples collected during an outbreak of dengue fever 
during 2011–2013. The samples came from patients 
in care units of the public health system, which offer 
24-hour outpatient urgent care, and emergency ser-
vices in the city of Goiânia, central Brazil. The sam-
ples were from patients of all age groups and sexes 

Recent seroprevalence studies in animals detected  
Rocio virus in regions of Brazil, indicating risk for re-
emergence of this pathogen. We identified Rocio virus 
RNA in samples from 2 human patients for whom dengue 
fever was clinically suspected but ruled out by laboratory 
findings. Testing for infrequent flavivirus infections should 
expedite diagnoses.



who exhibited signs and symptoms of suspected den-
gue infection. During the outbreak, the city reported 
≈88,000 cases of DENV infection (6). Of the 647 sam-
ples screened for DENV by use of serologic and mo-
lecular methods, 121 were negative for DENV. We 
subsequently screened those 121 samples for ROCV. 

Using nested PCR with genus-specific primers (7), 
we detected the ROCV nonstructural (NS) 5 gene in 2 of 
the 121 samples. We used the amplified sequences from 
the ROCV NS5 gene for phylogenetic analysis, which 
confirmed 100% identity with the consensus sequence 
of ROCV NS5 in strain SPH 34675, the strain isolated 
from the 1975 encephalitis outbreak. Furthermore, the 
detected NS5 ROCV gene (ROCV 18) is related to Ilheus 
virus from the Japanese encephalitis virus complex and 
did not change the topology of the phylogenetic tree  
with other pathogenic flaviviruses, as previously re-
ported (3) (Figure).

The 2 ROCV-positive samples were from a 
33-year-old female patient and a 47-year-old male 
patient. The female patient experienced prostration, 
abdominal pain, diarrhea, and thrombocytopenia 

(120,000 platelets/mm3), and the male patient expe-
rienced headache, eye pain, pruritus, nausea, and 
leukopenia (3,560 cells/mm3) (Appendix, https://
wwwnc.cdc.gov/EID/article/26/4/19-0487-App1.
pdf). Both patients had fever, myalgia, and arthralgia, 
but they denied having had chronic diseases and had 
been vaccinated against yellow fever virus. No infor-
mation about patients’ residence or travel history was 
available. The patients received ambulatory care, and 
their clinical outcome was cure.

The molecular diagnostic result for positive 
ROCV in humans reported in this study corrobo-
rates the results of other studies involving serologic 
tests for ROCV in animals (8,9) and demonstrates the 
high probability that ROCV is circulating in differ-
ent areas of Brazil. Our findings point out the need 
for clinicians to clearly establish flavivirus infection 
diagnoses by testing for various and infrequent re-
gional flaviviruses
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Figure. Phylogenetic analysis 
of the ROCV nonstructural 
5 gene (ROCV18) detected 
during dengue epidemics in 
Brazil, 2013, and reference 
sequences. Tree constructed 
by using the maximum-
likelihood method. Pairwise 
distances were calculated by 
using the neighbor-joining 
algorithm, and node numbers 
represent bootstrap values 
(10,000 replicates). GenBank 
accession numbers are 
provided. DENV, dengue 
virus; ILHV, Ilheus virus; 
JEV, Japanese encephalitis 
virus; MVEV, Murray Valley 
encephalitis virus; NTAV, 
Ntaya virus; RBV, Rio Bravo 
virus; ROCV, Rocio virus; 
SLEV, Saint Louis encephalitis 
virus; TBEV, tick-borne 
encephalitis virus; USUV, 
Usutu virus; WNV, West Nile 
virus; YFV, yellow fever virus; 
ZIKV, Zika virus. 



This work was funded by Fundação de Amparo à Pesquisa 
do Estado de Goiás (public call no. 05/2012) and was 
conducted during a scholarship supported by the Program 
CAPES-Brazilian Federal Agency for Support and  
Evaluation of Graduate Education within the Ministry of 
Education of Brazil.

About the Author 
Ms. Saivish is a biomedical researcher in the Laboratory of 
Virology of the Federal University of Goiás–Jataí Regional. 
Her area of interest is the development of viral diagnostic 
methods for emergent arboviruses  
and hantavirus.

References
  1. Figueiredo LTM. The recent arbovirus disease epidemic  

in Brazil. Rev Soc Bras Med Trop. 2015;48:233–4.  
https://doi.org/10.1590/0037-8682-0179-2015

  2. Keasey SL, Pugh CL, Jensen SMR, Smith JL, Hontz RD, 
Durbin AP, et al. Antibody responses to Zika virus  
infections in environments of flavivirus endemicity. Clin 
Vaccine Immunol. 2017;24:e00036–17. https://doi.org/ 
10.1128/CVI.00036-17

  3. Medeiros DBA, Nunes MRT, Vasconcelos PFC, Chang GJ, 
Kuno G. Complete genome characterization of Rocio virus 
(Flavivirus: Flaviviridae), a Brazilian flavivirus isolated from 
a fatal case of encephalitis during an epidemic in São Paulo 
state. J Gen Virol. 2007;88:2237–46. https://doi.org/10.1099/
vir.0.82883-0

  4. Amarilla AA, Santos-Junior NN, Figueiredo ML, Luiz JPM, 
Fumagalli MJ, Colón DF, et al. CCR2 plays a protective role 
in Rocio virus-induced encephalitis by promoting  
macrophage infiltration into the brain. J Infect Dis. 
2019;219:2015–25. https://doi.org/10.1093/infdis/jiz029

  5. Amarilla AA, Fumagalli MJ, Figueiredo ML, Lima-Junior DS, 
Santos-Junior NN, Alfonso HL, et al. Ilheus and Saint Louis 
encephalitis viruses elicit cross-protection against a lethal 
Rocio virus challenge in mice. PLoS One. 2018;13:e0199071. 
https://doi.org/10.1371/journal.pone.0199071

  6. Sistema Único de Saúde. BRASIL. Informe técnico  
semanal: dengue, chikungunya e zika [cited 2019 Apr 2].  
http://www.saude.goiania.go.gov.br/docs/divulgacao/ 
Informe_Semanal_Den_Chik_Zika_SE_52_01_19_18_ 
01_19.pdf

  7. de Morais Bronzoni RV, Baleotti FG, Ribeiro Nogueira RM, 
Nunes M, Moraes Figueiredo LT. Duplex reverse  
transcription-PCR followed by nested PCR assays for  
detection and identification of Brazilian alphaviruses  
and flaviviruses. J Clin Microbiol. 2005;43:696–702.  
https://doi.org/10.1128/JCM.43.2.696-702.2005

  8. Casseb AR, Cruz AV, Jesus IS, Chiang JO, Martins LC,  
Silva SP, et al. Seroprevalence of flaviviruses antibodies in 
water buffaloes (Bubalus bubalis) in Brazilian Amazon.  
J Venom Anim Toxins Incl Trop Dis. 2014;20:9.  
https://doi.org/10.1186/1678-9199-20-9

  9. Pauvolid-Corrêa A, Campos Z, Juliano R, Velez J,  
Nogueira RMR, Komar N. Serological evidence of  
widespread circulation of West Nile virus and other  
flaviviruses in equines of the Pantanal, Brazil. PLoS Negl 
Trop Dis. 2014;8:e2706. https://doi.org/10.1371/ 
journal.pntd.0002706

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 4, April 2020 799

RESEARCH LETTERS

Address for correspondence: Eduardo Montoya-Diaz, Veterinary 
Medicine Division, Paul-Ehrlich-Institut, Paul-Ehrlich-Str. 51-59,  
63225 Langen, Germany; email: eduardo.montoyadiaz@pei.de; 
Marcos Lázaro Moreli, Laboratório de Virologia, Universidade 
Federal de Goiás-Regional Jataí, Câmpus Jatobá, Cidade 
Universitária, BR 364, km 195, nº 3800, CEP 75801-615, Goiás, 
Brazil; email: marcoslmoreli@gmail.com

Epidemiology of Lassa Fever 
and Factors Associated with 
Deaths, Bauchi State,  
Nigeria, 2015–2018

Mohammed A. Abdulkarim, Sufiyan M. Babale, 
Chukwuma D. Umeokonkwo, Eniola A. Bamgboye, 
Adebobola T. Bashorun, Auwal A. Usman, 
Muhammad S. Balogun
Author affiliations: Gombe State Ministry of Health, Gombe,  
Nigeria (M.A. Abdulkarim); Nigeria Field Epidemiology and  
Laboratory Training Program, Abuja, Nigeria (M.A. Abdulkarim, 
A.T. Bashorun, A.A. Usman, M.S. Balogun); Ahmadu Bello  
University, Zaria, Nigeria (S.M. Babale); Federal Teaching  
Hospital, Abakaliki, Nigeria (C.D. Umeokonkwo); University of 
Ibadan, Ibadan, Nigeria (E.A. Bamgboye)

DOI: https://doi.org/10.3201/eid2604.190678

In recent years, Lassa fever (LF) outbreaks in Nige-
ria have become more frequent and larger in mag-

nitude; the outbreak in 2018 was described as the 
largest in history (1). Bauchi State, which had never 
reported an LF case before 2012, has quickly become 
one of the high-risk states for LF in this country (2). 
We report LF epidemiology in Bauchi State and iden-
tify factors associated with death.

We retrospectively reviewed data for LF cases 
during January 2015–December 2018 obtained from 
the platform for integrated disease surveillance and 

We report the epidemiology of Lassa fever in Bauchi 
State, a disease-endemic region, in Nigeria. Since 2015, 
major increases in Lassa fever attack rate and in the 
case-fatality rate have occurred in this state. A delay in 
seeking care by a case-patient for >7 days after symptom 
onset was the major predictor of death.
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Appendix 

Appendix Table 1. Clinical data of the acute febrile patients positive for Rocio virus infection in Goiânia county, Central Brazil 

Sign or symptom 
Study patients 

ROCV (p18), female ROCV (p21), male 
Myalgia Yes Yes 
Arthralgia Yes Yes 
Prostration Yes No 
Abdominal pain Yes No 
Diarrhea Yes No 
Headache No Yes 
Eye pain No Yes 
Itching No Yes 
Nausea No Yes 
Vomiting No No 
Dizziness No No 
Epistaxis No No 
Ascites No No 
Palpebral edema No No 
Neurological No No 
Exanthema No No 
Shaking No No 
Lethargy No No 
Paresthesia No No 
Paresis No No 
Jaundice No No 
Cyanosis No No 
Hepatomegaly No No 
Splenomegaly No No 
Cholecystitis No No 
Respiratory distress No No 

 
 
Appendix Table 2. Results of laboratory tests of acute febrile patients positive for Rocio virus in Goiânia county, Central Brazil* 

Laboratory tests 

Study patients 
ROCV (p18) ROCV (p21) 

T1 T2 T3 T1 T2 T3 
Hematocrit (%) 32.7 36.7 34.9 47.4 46.1 45.8 
Hemoglobin (g/dL) 10.8 11.9 11.4 15.5 15.4 16.6 
Leukocyte (cells/mm3) 6,900 4,900 4,500 3,560 3,400 3,730 
Platelets (cells/mm3) 120,000 220,000 147,000 207,000 201,000 198,000 
AST (mg/dL) 17 19 19 35 42 29 
ALT (mg/dL) 12 78 15 31 51 28 
Albumin (mg/dL) 3.4 3.6 3.6 4.3 3.83 4.2 
Creatinine (mg/dL) 1.1 1.06 1.05 1.08 1.12 1.19 
Direct bilirubin (mg/dL) 0.18 0.27 0.16 0.16 0.29 0.26 
Indirect bilirubin (mg/dL) 0.22 0.23 0.24 0.51 0.6 0.62 
Activated partial 
thromboplastin time 
(seconds) 

79.2 76.6 49.9 72.6 48.2 100 

International normalized 
ratio (%) 

1.1 1.12 1.38 1.19 1.57 0.53 

*T1, sample collected until the seventh day of postdisease onset (PDO); T2, sample collected between the eighth and 15th day PDO; T3, sample 
collected between the 20th and 30th day PDO. 
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Appendix Table 3. Patient data and background information for the two samples positive for Rocio virus in Goiânia county, Central 
Brazil 

Patient data/background 
Study patients 

ROCV (p18) ROCV (p21) 
Type of patient Ambulatory 

patient 
Ambulatory 

patient 
Year of blood sample collection? 2012 2013 
Has the patient ever had yellow fever? No No 
Has the patient ever been vaccinated 
against yellow fever? 

Yes Yes 

Has the patients ever had dengue? - Yes (2008) 
Diabetes mellitus? No No 
Chronic renal failure? No No 
Asthma? No No 
Lupus No No 
Cancer? No No 
AIDS? No No 
Has the patient had hepatitis B or C? No No 
Has the patient ever had a transplant? No No 
Does the patient use any medication regularly? - No 

 
 
Appendix Table 4. Results of laboratory tests for DENV in Goiânia county, Central Brazil* 

Laboratory tests 

Study patients 
ROCV (p18) ROCV (p21) 

T1* T2† T3‡ T1 T2 T3 
ELISA 
 

IgM anti-DENV NRd NR NR Ue U - 

ODf= 0.26 OD= 0.3 

IgG anti-DENV NR NR NR Rg - - 

OD= 0.15 OD= 2.1 
NS1 DENV NR - - NR - - 
RT-PCR Negative - - Negative - - 
*OD, optical density; NR, not reactive; R, reactive; T1, Sample collected until the seventh day after disease onset (ADO); T2, sample collected 
between the eighth and 15th day ADO; T3, sample collected between the 20th and 30th ADO; U, undetermined.  
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Appendix Figure. Map of the study site and methodology flowchart. Panel A shows a map of Goiás state 

(Brazil) with the location of the municipality of Goiânia. Panel B shows the methodology flowchart. 

 


